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Abstract 1 
Objective: To systematically review the literature on behavioural interventions for people 2 
with Multiple Sclerosis (pwMS) that aim to change physical activity (PA) behaviour. To 3 
explore if these interventions are clinically-effective in improving PA, theory-based and 4 
employ established behaviour change techniques (BCTs). 5 
Data Sources: A systematic electronic search was conducted on databases EBSCO 6 
(including AMED, Biomedical Reference Collection: Expanded, CINHAL, MEDLINE, 7 
PsycArticles, PsycInfo), PubMed, EMBASE, and Web of Science from April 2017 to May 8 
2017.   9 
Study Selection: Studies were included if 1) the interventions aimed to change PA behaviour 10 
among people with MS , 2) PA was recognised as a primary outcome measure and 3) were of 11 
randomised control design (RCT).  12 
Data Extraction: The resulting behavioural interventions were coded using ‘The Theory 13 
Coding Scheme’ and the ‘CALO-RE Taxonomy’ to assess theory-base and BCTs. A meta-14 
analysis was conducted to assess effectiveness.  15 
Data Synthesis: Fourteen randomised controlled trials (RCTs) were included. Combined, 16 
there was a significant (p =0.0003, d=1.00, CI’s= 0.46, 1.53) short-term change in self-report 17 
PA behaviour for studies with non-active control groups. There was no change in objective or 18 
long-term PA. Studies failed to discuss results in relation to theory and did not attempt to 19 
refine theory. 50% of BCTs within the CALO-RE were employed with BCTs of ‘goal-20 
setting’ and ‘action-planning’ being the most frequently employed. 21 
Conclusion: Current evidence supports the efficacy of PA intervention on subjective but not 22 
objective outcomes. However, conclusions from this review should be interpreted with 23 
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caution due to the low of number of studies included and low sample size. Further, whilst 24 
using theory in intervention design, these interventions have not reported the refining of 25 
theory. Exploration of the use of additional BCTs to change PA behaviour is also required 26 
within future interventions. 27 
Keywords: Multiple Sclerosis, Physical Activity, Rehabilitation, Behavioural Medicine. 28 
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Introduction 43 
Multiple Sclerosis (MS) is a disease of the central nervous system that results in a variety of 44 
symptoms that result in walking impairment and reduced quality of life. It affects 45 
approximately 2.5 million people worldwide 1 and is associated with high levels of healthcare 46 
resource consumption and cost. 2 Increasing physical activity (PA) through exercise 47 
interventions is associated with improvements in many of the symptoms associated with MS 48 
such as fatigue, strength, balance, mobility and quality of life. 3-7 Despite this, a recent meta-49 
analysis has shown that people with MS are significantly less physically active than the 50 
general population, who are themselves largely sedentary. 8  51 
Behavioural interventions are defined as ‘a coordinated set of activities designed to change a 52 
specified behaviour’ and have the potential to positively affect PA behaviour in people with 53 
MS, e.g exercise intervention, education, motivational interviewing, etc.. 9 Systematic 54 
reviews of behavioural interventions in other chronic illness populations such as rheumatoid 55 
arthritis 10 and diabetes 11 have highlighted the positive effect behavioural interventions can 56 
have on PA behaviour, albeit largely in the short-term. It is has been suggested that these sub-57 
optimal, short-term effects are due to a lack of theoretical consideration at the development 58 
stages of these behavioural interventions. 12 Therefore, there is now growing recognition that 59 
all behavioural interventions should be enhanced by the application of theory. 13 Michie and 60 
colleagues 9 recognised the need to define ‘theory’ and developed the ‘Theory Coding 61 
Scheme’ (TCS).  62 
The TCS contains 19 items which examine whether a theory was mentioned, how theory was 63 
used in the intervention design, how intervention evaluations tested theory and the 64 
implications of the results for future theory development. The TCS is a valuable addition to 65 
understanding the extent to which interventions use theory and are theory-based, and has 66 
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been used successfully in other chronic disease populations to assess intervention design. 14,15 67 
Whilst MS literature has explored factors linked to PA that may influence theory 68 
development in this population, 16 to the best of our knowledge the TCS has not been applied 69 
to PA behavioural interventions for people with MS.  70 
Theory is often described as the ‘why’ and further informs the ‘how’ of all behavioural 71 
interventions. The content or ‘active’ components of these interventions are defined as 72 
behaviour change techniques (BCTs) and are the ‘how’, e.g. self-monitoring PA levels in the 73 
form of daily diaries. 17 BCTs are designed to target known factors that influence the 74 
behaviour to be changed, e.g. self-efficacy or goal setting.  75 
The exploration of the content and coverage of BCTs in systematic reviews of specific 76 
outcomes has allowed the identification of BCTs associated with effective interventions. 18,19 77 
For example, the CALO-RE Taxonomy contains 40 BCTs that have been associated with 78 
effective PA and healthy eating interventions. 20  The National Institute of Health and 79 
Clinical Excellence (NICE) guidelines have outlined a need for precise reporting of BCTs 80 
within all behavioural interventions 21 and taxonomies like the CALO-RE can help guide 81 
researchers in specifying their intervention content.   82 
There have been advances in the reporting of BCTs employed within the MS PA literature, 83 
although this is limited. Shirazipour and colleagues 22 examined the coverage of BCTs in 84 
internet resources about PA for people with MS and coded 20 websites that aimed to provide 85 
information on PA. The authors concluded that the coverage of BCTs needs improvements 86 
with BCTs such as stress-management and motivational interviewing rarely used. A previous 87 
systematic review and meta-analysis 23 was conducted which examined the effect of 88 
behavioural interventions on PA participation and physical function among people with MS. 89 
Of note, the use of theory was not examined in that review and it also included a combination 90 
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of PA, fatigue and energy conservation interventions. Results showed that included 91 
interventions had short term changes (p = 0.03, standardised main difference 0.65, 95% 92 
confidence interval 0.07 to 1.22, 3 trials, I2 = 68%) in PA behaviour with BCTs of goal-93 
setting, barrier identification, information provision, amongst others proving most popular. 94 
Thus, there is a need to examine PA behavioural interventions for people with MS, to explore 95 
how/if they use theory and to explore further what BCTs they use. 96 
The aim of this systematic review and meta-analysis is to identify behavioural interventions 97 
that aim to increase PA behaviour among people with MS. The specific objectives are: 98 
• To examine the effectiveness of behavioural interventions on PA behaviour in people 99 
with MS. 100 
• To use the Theory Coding Scheme 9 and examine the use of theory in  current PA 101 
behavioural interventions.   102 
• To identify, using a BCT taxonomy 20, what BCTs are employed in the identified 103 
interventions to change PA behaviour in people with MS. 104 
Methods 105 
This systematic review is structured according to the Preferred Reporting Items for 106 
Systematic Review and Meta-Analysis (PRISMA). 24 107 
Eligibility Criteria 108 
Studies were included if the interventions aimed to change PA behaviour among people with 109 
MS and PA was recognised as a primary outcome measure. Outcome measures that included 110 
PA as sub-component of a larger scale were only included if the PA composite score was 111 
reported separately (e.g. Health Promoting Lifestyle Profile II (HPLP II)). Other inclusion 112 
criteria for eligibility included a) The intervention study had a randomised control trial (RCT) 113 
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design. Acceptable comparison intervention included: no treatment, waitlist control, usual 114 
care control and active interventions that were not intended to change long-term PA 115 
behaviour. b) All participants had a definite physician confirmed diagnosis of MS and were 116 
over the age of 18 years and c) The intervention group had a pre and post outcome measure 117 
for subjective and/or objective PA. Trials were included regardless of methodological quality.  118 
Information Sources 119 
A systematic electronic search was conducted on databases EBSCO (including AMED, 120 
Biomedical Reference Collection: Expanded, CINHAL, MEDLINE, PsycArticles, PsycInfo), 121 
PubMed, EMBASE, and Web of Science during spring 2017 by one author (BC) and later 122 
crosschecked in Summer 2017 by a second investigator due to the large search that was 123 
yielded (n=7342). Search terms are illustrated in Table 1. Searches were limited to the 124 
English language. Duplicate references were removed. The electronic search was 125 
supplemented with a hand search of reference lists, contacting key authors, and a search of 126 
Google Scholar.  127 
<<Insert Table 1 here>> 128 
Search Strategy 129 
Eligible studies were included after titles, abstracts and full-text were crosschecked against 130 
the inclusion criteria (see figure 1). Eligible studies were also crosschecked by a second 131 
author. Discussion was held where the investigators disagreed on inclusion of studies until 132 
agreement was reached. Where it arose that multiple studies were conducted by the same 133 
research team using components of the same behavioural intervention, given the limited 134 
number of PA behavioural interventions published in MS literature, all studies meeting 135 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
7 
 
inclusion criteria would be included.  However, in these instances the PA outcome data has 136 
been analysed once.  137 
 <<Insert Figure 1 here>>  138 
Data Extraction 139 
Data were extracted using pre-defined criteria. This included; participant demographics, 140 
intervention content, outcome measures used and intervention effectiveness. To allow for 141 
meta-analysis, additional information was extracted for the PA outcome measures. This 142 
included; type of PA measure (self-report/objective), sample size, baseline PA (mean and 143 
SD) for intervention and control, post intervention PA for intervention and control and any 144 
follow-up PA data for intervention and control groups. All data extraction was verified by a 145 
second author.  146 
Data Analysis 147 
Physical activity data was pooled using a random effects model in Review Manager 5.3 148 
Software. 25 The random-effects model was used to combine outcomes, as this model 149 
provides a more relevant estimate of the intervention than the fixed-effect estimate model and 150 
avoids small study effects. 26 As PA is a continuous outcome, mean differences and standard 151 
deviations (SDs) were reported as per the Cochrane Handbook 27. Pooled statistics were 152 
calculated using mean differences (MD) when the combined PA measures were from a 153 
uniform scale and using standardised mean differences (SMD) when the PA data was on 154 
different scales. Pooled 95% confidence intervals (CI’s) were computed for MD’s and 155 
SMD’s. CIs excluding zero were considered statistically significant. Clinical relevance was 156 
determined using the following effect size classifications: (1) Small: SMD (Cohen’s d) of 0.2; 157 
(2) Medium: SMD (Cohen’s d) of 0.5; (3) Large: SMD (Cohen’s d) of 0.8.). 28  158 
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Interventions that had a non-active control group were analysed separately to those that were 159 
compared to an active control group. In addition, to assess the heterogeneity of the meta-160 
analysis results, the I2 statistic was calculated. Substantial heterogeneity was determined 161 
using the cut-off; I2 ≥ 50%. 25 162 
Quality of Studies 163 
Cochrane Risk of Bias Tool 164 
Quality of included studies was assessed by two researchers, who independently assessed bias 165 
using the Cochrane Risk of Bias tool. 27 Risk of bias was assessed as low, unclear or high risk 166 
of bias according to the Cochrane Handbook. 27 Following individual assessment of each 167 
article’s quality, the researchers compared results, discussed any discrepancies and came to a 168 
final agreement. 169 
Intervention Development- The Theory Coding Scheme (TCS) 170 
Two members of the research team independently coded included studies using TCS. 9 171 
Following independent coding of each study a discussion was held and results were 172 
compared. Where a disagreement occurred during coding consensus was reached following a 173 
discussion. Of note, the TCS shows substantial interrater reliability (all Kappa coefficients (k) 174 
> 0.70.) except one sub item (13d, k = 0.64) which has lower but acceptable kappa and 175 
overall a high level of agreement between coders (95%). 9 176 
Intervention Content- Behaviour Change Techniques (BCT’s) 177 
Following coding of the intervention studies using the TCS two members of the research 178 
team independently coded each study for coverage of BCTs using the CALO-RE BCT 179 
Taxonomy. 20 Originally, a 26-item BCT taxonomy was used to identify specific BCTs 180 
contributing to intervention effectiveness for PA and healthy eating interventions. 19 181 
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However, Michie, Ashford, Sniehotta, Dombrowski, Bishop, French 20 have refined this 182 
taxonomy in recent years with an updated taxonomy of 40 BCTs. The CALO-RE taxonomy 183 
is more comprehensive than the previous 26-item, with less overlap between items and fewer 184 
conceptual problems including, a lack of clarity for certain techniques and their definitions. 20 185 
Inter-rater reliability, assessed on 50 published PA interventions, was good with kappa of 186 
0.79. 20 Similar methods used to reach agreement on coding the ‘Theory Coding Scheme’ 187 
were used for coding of BCTs. Of note, the CALO-RE taxonomy is a checklist of BCTs that 188 
may or may not be included in interventions. It is not a necessity that all of the BCTs in the 189 
taxonomy are included in the intervention to be considered a ‘good’ example of theory. 190 
Inclusion of BCTs will vary on context, the health behaviour in question and the theory used.  191 
Results 192 
Study Description 193 
Fourteen RCTs were included for review and are detailed in Table 2. Four of these studies 194 
delivered the behavioural interventions using the internet as a medium and included the same 195 
core website intervention, albeit observing different outcomes, adding elements to the 196 
programme and using varying cohorts of people with MS. 29-32 Group exercise or  group 197 
educational interventions were used in five studies, 33-37 newsletters/pamphlets used in 2 198 
studies, 38,39 telephone only in 1 study, 40 home-based exercise sessions only in 1 study 41 and 199 
a DVD in  1 study. 42   200 
Three studies had active control groups that included exercise with non-theory based 201 
education, 35 a healthy ageing DVD with telephone calls and ‘healthy tips of the day’42 and a 202 
newsletter.38 Non-active control groups included usual care, waitlist and delayed treatment 203 
groups.   204 
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<< Insert Table 2 here>> 205 
Participants 206 
There were 921 people with MS included in this review. The sample were predominately 207 
female (n=792, 86%) with mean age ranging between 39.5 and 59.62 years. Disability was 208 
measured using the Patient Determined Disease Steps (PDDS) in five studies,29-32,38 the 209 
Expanded Disability Scale Score (EDSS) in four studies33-36 and device use in one study.42 210 
Four studies did not report disability. PDSS mean scores ranged from 1.0 to 3.0 and mean 211 
EDSS ranged from 3.0 to 6.0, suggesting the samples were largely ambulatory with/without 212 
use of an aid. One study did include those who used wheelchairs only.41 Where disease 213 
course was reported (n=13 studies), the samples were largely of a relapsing-remitting (RR) 214 
course with the percentage mean of participants with RR MS ranging from 50-100%.  215 
Outcome Measures for PA 216 
PA was measured subjectively using the Physical Activity and Disability Survey (PADS), 39 217 
the Godin Leisure Time Exercise Questionnaire (GLTEQ), 29-31,33-35,38,39,42 the International 218 
Physical Activity Questionnaire (IPAQ),32,35 the Health Promoting Lifestyle Profile II (HPLP 219 
II)36,37 and the 7-Day Physical Activity Recall (7-Day PAR).40 In four studies PA was 220 
measured objectively using the Acti-graph Accelerometer to obtain 7-day activity counts 221 
(raw, non-transformable counts from the accelerometer) and minutes of moderate-vigorous 222 
PA (MVPA) 31,33,41 and the SenseWear armband to obtain energy expenditure and steps per 223 
day.35   224 
Effect of interventions on PA  225 
Self-report 226 
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Ten studies with non-active control groups provided mean differences and standard 227 
deviations for post-trial self-report PA. This enabled pooling of results for meta-analysis 228 
(Figure 2). A statistically significant difference (p =0.0003) was seen in post-trial PA in 229 
favour of the experimental group, the effect size was large (d=1.00, CI’s= 0.46, 1.53) with 230 
high heterogeneity (I2= 91%).  Three studies with active control groups provided data for 231 
post-trial self-report PA. Results are illustrated in Figure 3. A non-statistically significant 232 
difference (p=0.24) was seen in post-trial PA.  233 
Five studies with non-active control groups29,33,34,3937 obtained follow-up PA data and 234 
provided mean differences and standard deviations which enabled pooling for meta-analysis. 235 
Figure 4 shows that there was a significant difference (p <0.00001) in subjective PA 6 236 
months post-trial in favour of the experimental groups over the non-active control groups. 237 
The effect size was medium (d=0.60, CI’s= 0.38 and 0.81) with low heterogeneity (I2= 0%).  238 
<<Insert Figures 2 and 3 and 4 >> 239 
Objective 240 
Three studies with non-active control groups provided objective PA data post-trial which 241 
could be meta-analysed. Figure 5 shows a non-significant difference between groups. Only 242 
two studies provided follow-up data which could not be meta-analysed. However both studies 243 
report non-significant differences for steps per day 33,35 and energy expenditure35 at 6 month 244 
follow-up.   245 
<<Insert Figure 5>> 246 
Quality of Studies 247 
The risk of bias within included studies is highlighted in Table 3.  All studies scored a high 248 
risk of bias for blinding of participants and personnel, whilst five studies33-35,40 scored a low 249 
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risk of bias for the blinding of outcome assessors. Seven studies had a high/unclear risk of 250 
bias for allocation concealment. 29-32,37,41,42 Only two studies had unclear/high risk for 251 
sequence generation 29,30 whilst all studies scored a low risk for selective outcome reporting.  252 
<<Insert Table 3 here>> 253 
The Theory Coding Scheme (TCS) 254 
The extent to which each of the behavioural interventions outlined in this review meet the 255 
criteria of the TCS is illustrated in Table 4. No study included in this review met all criteria 256 
and the interventions reported by Suh et al38 and Motl et al30  met the most.  257 
Eleven studies mentioned a theory or model (item 1) whilst 9 of these studies based their 258 
intervention on a single model (item 3). Behavioural models used included the Social 259 
Cognitive Theory,29-32,35,38,39,41 the TransTheoretical Model,33,34,39 the Health Belief Model, 37 260 
the Self-efficacy Theory,37 and the Pender model of Health Promotion.37   Items that all 261 
studies included were: including intervention techniques based on constructs and predictors 262 
of the chosen theory or model mentioned either explicitly in their intervention design or in 263 
the introduction (items 5, 11). In addition, all studies included a behaviour measure that was 264 
valid (item 13f) and claimed randomisation (item14a). Only one study 37 choose participants 265 
based on theory/predictors (item 4) whilst only two studies30,38 conducted mediation analysis 266 
(items 16a, 16b, 16c and 16d). No paper reported use of their results to then refine theory 267 
(item 19) of which the TCS defines as: ‘The authors attempt to refine the theory upon which 268 
the intervention was based by either: a) adding or removing constructs to the theory, or b) 269 
specifying that the interrelationships between the theoretical constructs should be changed 270 
and spelling out which relationships should be changed.’ 271 
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It should be noted that the other internet studies,29,31,32 by the Motl et al30 group, scored lower 272 
on certain items. These included; measuring theory relevant constructs and conducting 273 
mediational analysis, items which had already been addressed in the original study in 2011.30  274 
<<Insert Table 4 here>> 275 
Coverage of Behaviour Change Techniques (BCTs) employed 276 
Table 5 shows the BCTs that were used in the included 14 studies.  277 
‘Goal-setting (behaviour)’ was employed by the majority of studies (n=11 studies). This 278 
followed by 9 studies including ‘barrier identification/problem solving’ and ‘prompt self-279 
monitoring’. Eight studies included ‘providing information on the consequences of the 280 
behaviour in general’ and ‘goal-setting (outcome). The interventions by Coote et al 35 and 281 
McAuley et al 42 employed the most BCTs, 12 and 13 BCTs, respectively. The interventions 282 
by Stiufbergen et al37 and Ennis et al36 employed the least BCTs, 3 and 2 BCTs, respectively.  283 
Of note, 20 BCTs from the 40 item CALO-RE Taxonomy were not employed in any study. 284 
These included, “fear arousal”, “prompt use of imagery”, “prompt use of self-talk”, “future 285 
rewards”, (see table 5). 286 
<<Insert Table 5 here>> 287 
Discussion 288 
The first objective of this review was to establish the effectiveness of the identified 289 
behavioural interventions on PA outcomes. There was a significant pooled mean effect in 290 
favour of behavioural interventions in studies which included non-active control groups for 291 
post-intervention and follow-up self-report PA. The effect sizes were large and medium, 292 
respectively. Of note, there was no significant difference in post-trial self-report PA for those 293 
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studies with active control groups. Only three studies had data for meta-analysis of post-trial 294 
objective PA and this effect was non-significant. Meta-analysis could not be conducted for 295 
follow-up objective PA due to low study numbers. Recent evidence in the healthy population 296 
literature suggests subjective measures of PA may not be as accurate and emphasis should be 297 
placed on interpreting results of objective PA measures first. 43,44Therefore, although the 298 
findings are somewhat positive in the short-medium-term for subjective PA measurement, the 299 
effectiveness of the included behavioural interventions for both objective and long-term PA 300 
behaviour is inconclusive. In addition, this review includes a small number of studies and the 301 
sample size within included studies is relatively low. Therefore, results on efficacy in the 302 
short-term or for self-report should also be interpreted with caution or deemed inconclusive. 303 
These findings support the conclusions by a previously conducted review23.  304 
The second objective of this meta-analysis was to establish to what extent the interventions 305 
used theory as per the TCS. Eight out of 14 included studies based their intervention on the 306 
Social Cognitive Theory.29-32,35,38,39,41 The popularity of the Social Cognitive Theory may be 307 
evidenced by a large body of research regarding the correlates and predictors of PA 308 
behaviour in people with MS. 45 None of the studies in this review met all the criteria of the 309 
TCS and the studies by Motl et al30 and Suh et al38 met the most criteria. It is probable that 310 
theoretical findings of the study by Motl et al (i.e. mediational analysis of Social Cognitive 311 
Theory constructs) were used to inform the design of follow-up studies by this research 312 
group.29,31,32 This may be why some criteria were not reported in these subsequent studies, 313 
leading to lower scores on the TCS. In summary, few studies in this review reported using the 314 
results of their intervention to discuss theory behind use of a behavioural model, therefore 315 
there was no reporting of attempt to refine theory and theory testing was rarely presented on 316 
those papers in this review. It has been suggested that approximately 89% of all health 317 
interventions are not based on theory, and additionally those that are based on theory fail to 318 
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fully apply theory by not meeting the majority of items outlined in the TCS. 46 These points 319 
need to be addressed because theory is not only important in the development stages of 320 
intervention design but also in the development of future behavioural interventions. Further 321 
investigation is also needed to establish if interventions that meet all of the criteria in the 322 
theory coding scheme have superior outcomes.  323 
Recognising the ‘active’ components or behaviour change techniques (BCTs) associated with 324 
effective interventions is a technique used by intervention developers to aid designing 325 
behavioural interventions, albeit often times identification of these techniques will not result 326 
in behaviour change given its complexity. The final objective of this review was to explore 327 
use of BCTs within the identified behavioural interventions in this review.  328 
50% of studies in this review covered 7 or more BCTs within the 40 item CALO-RE 329 
taxonomy. BCTs which studies had in common included, “providing information on the 330 
consequences of the behaviour in general”, “goal setting (behaviour)”, “goal-setting 331 
(outcome)”, “barrier identification/problem solving”, “prompt self-monitoring” and “use of 332 
follow-up prompts”. One hypothesis as to why these similarities exist may be based once 333 
again on our current knowledge of the factors that are known to influence PA behaviour in 334 
people with MS. Self-efficacy, goal-setting and outcome expectancies are widely represented 335 
within the intervention content of these studies. Inclusion of techniques that are associated 336 
with such key determinants is essential if behaviour is to be changed. Further exploration of 337 
the determinants of PA may uncover new variables and lead to the use of other BCTs. For 338 
example, depression and anxiety are present in up to 23.7% and 44% of pwMS, respectively 339 
(Wood et al., 2012)  and there is emerging evidence of the associations between these mood 340 
disorders and PA and/or exercise self-efficacy. (Motl, McAuley, Snook, & Gliottoni, 2009)If 341 
such evidence increases there may be an increase in the number of interventions using BCTs 342 
such as emotional training.  343 
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To increase intervention effectiveness and improve intervention design, it is clear we need to 344 
further explain PA theory in this population. Broad, in-depth knowledge of the known 345 
correlates, predictors, barriers and facilitators of PA in people with MS is required outside of 346 
our current understanding. It is from there that improvements in employing the correct theory 347 
and BCTs will occur which will ultimately result in changing PA behaviour in people with 348 
MS in the long-term.   349 
Strengths and Limitations 350 
Strengths of this review include a systematic search with several electronic databases by two 351 
independent researchers. Additionally, results were pooled across studies in a meta-analysis. 352 
Limitations are also noted. Studies may have received low scores on the TCS and/or CALO-353 
RE as some intervention information was not explicitly included in the paper. Where the 354 
authors were unsure if a code was present or not in both the TCS and/or CALO-RE 355 
taxonomy, the code was marked as absent.  In doing this, studies which did in fact include a 356 
certain code (e.g. a specific BCT) in their intervention but simply did not mention inclusion 357 
of this code (or explained its inclusion poorly) may have lost scores on either the TCS and/or 358 
the CALO-RE taxonomy. In addition, some items of the TCS such as testing theory through 359 
mediation analysis may not always be present in the primary outcome publication of a RCT. 360 
It is often the case this form of analysis is conducted in secondary analysis papers of RCTs of 361 
which this review did not include those papers. Also, for the item on refining theory in the 362 
TCS, authors may have refined theory in future studies/publications arising from the original 363 
RCT. These future studies may not have been included in this review.  364 
 365 
 366 
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Conclusion 367 
To date, current evidence supports the efficacy of PA intervention on subjective but not 368 
objective outcomes. However, conclusions from this review should be interpreted with 369 
caution due to the low of number of studies included and low sample size.  370 
Findings of this review suggest that while using theory in intervention design, largely the 371 
Social Cognitive Theory, these behavioural interventions do not discuss their results in 372 
relation to theory and therefore have not attempted to refine theory in relation to causing a 373 
change in PA behaviour in people MS. Exploration of the use of additional BCTs to change 374 
PA behaviour is also required within these interventions.  375 
This systematic review highlights the importance of understanding the many factors 376 
associated with PA behaviour in people with MS. It is not until a specific behaviour is truly 377 
understood that a successful theory-based intervention can be designed and evaluated.  378 
 379 
 380 
 381 
 382 
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 384 
 385 
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Figure 1: PRISMA Flowchart  526 
Figure 2: Post-Trial Physical Activity (Self-Report) with Non-Active Control Groups. 527 
Figure 3: Post-Trial Physical Activity (Self-Report) with Active Control Groups. 528 
Figure 4: Six Month Follow-Up Physical Activity (Self-Report) with Non-Active Control 529 
Groups.  530 
Figure 5: Post-Trial Physical Activity (Objective) with Non-Active Control Groups. 531 
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Table 1: A list of search terms 
MS-related search 
terms 
Physical activity-related 
search terms 
Study Design 
“Multiple sclerosis” 
OR “MS” 
(Abstract) 
“exercise” OR “physical 
activity” OR “exercise 
prescription” OR “exercise 
therapy” OR “training” OR 
“fitness” OR “aerobic” OR 
“strength” OR “resist” OR 
“ambulatory activity” OR 
“walk” OR “workout” OR 
“physical fitness” OR 
“accelerometer” (All 
Fields) 
“Random*” OR “RCT” 
(All Fields) 
 
 
*Note. The search included the combination of all terms from each category and only studies in English  
Language included.  
(i.e., MS-related terms AND physical activity-related terms AND study design terms). 
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Study  Population Intervention Comparison 
Group 
Physical 
Activity 
Outcome 
Bombardier 
et al 2013 
Number: 
Intervention: 44 Control: 48 
Gender (% Female):  
Intervention: 89% 
Control: 83% 
Age (Mean, SD years): 
Intervention: 47.1 (8.9) 
Control: 49.7 (7.9) 
Type of MS (%): 
Intervention: Relapsing-Remitting= 76% 
Control: Relapsing-Remitting= 75% 
Disability Level (Mean, SD): 
Not reported. 
 
Primary Mode of Delivery:   
Telephone  
Intervention: 
Counselling approach based on motivational interviewing (MI). Included two 
phases, building motivation to change followed by negotiating goals and action 
planning.  
Frequency: 
Initial face-face session in week 1 and 7 scheduled telephone calls in weeks 1, 2, 3, 
4, 6, 8 and 10. Final face-face session in week 12.  
Time: 
Phone sessions=30 minutes 
Face-face-=60 minutes 
Duration:  
12 weeks 
 
Wait-list 
Control  
Self-Report: 
7-Day Physical 
Activity Recall 
(7-Day PAR) 
Carter et al 
2014 
Number: 
Intervention: 60 Control: 60 
Gender (% Female):  
Intervention: 71.7% 
Control: 71.7% 
Age (Mean, SD years): 
Intervention: 45.7 (9.1) 
Control: 46.0 (8.4) 
Type of MS (%): 
Intervention: Relapsing-Remitting= 85% 
Control: Relapsing-Remitting= 78% 
Disability Level (Mean, SD): 
Intervention: EDSS= 3.8(1.5) 
Control: EDSS= 3.8(1.5) 
 
Primary Mode(s) of Delivery:   
Supervised group exercise (n=3) sessions and unsupervised home exercise session. 
Intervention: 
Supervised and home exercise sessions, largely aerobic (give choice of modaility). 
Sessions incorporated a behaviour change component as per the TransTheoretcial 
Model (TTM) using behaviour change techniques such as goal setting, social 
support, etc.).  
Frequency: 
During weeks 1-6 participants attended two supervised exercise sessions per week 
with one self-directed session at home. During weeks 7-12, participants attended 
one supervised session and carried out two sessions at home. 
Time: 
60 minutes 
Duration:  
12 weeks 
 
Usual Care Self-Report: 
Godin Leisure 
Time Exercise 
Questionnaire 
(GLTEQ) 
 
Objective: 
Actigraph 
Accelerometer 
looking at daily 
movement and 
step counts. 
Carter et al 
2013 
Number: 
Intervention: 16 Control: 14 
Gender (% Female):  
Intervention: 87.5% 
Control: 85.7% 
Primary Mode(s) of Delivery:   
Supervised group (n=3) exercise sessions and unsupervised home exercise session. 
Intervention: 
Supervised and home exercise sessions, largely aerobic (given choice of modality). 
Sessions incorporated a behaviour change component as per the TransTheoretcial 
Usual Care Self-Report: 
GLTEQ 
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Age (Mean, SD years): 
Intervention: 39.5 (6.5) 
Control: 40.9 (8.7) 
Type of MS (%): 
Not reported 
Disability Level (Mean, SD): 
Intervention: EDSS= 3.0(1.1) 
Control: EDSS= 3.1 (1.7) 
 
Model (TTM) using behaviour change techniques such as goal setting, social 
support, etc.).  
Frequency: 
Two supervised sessions and one unsupervised home session per week.  
Time: 
60 minutes 
Duration:  
10 weeks 
Coote et al 
2016 
Number: 
Intervention: 33 Control: 32 
Gender (% Female):  
Intervention: 87.9% 
Control: 81.3% 
Age (Mean, SD years): 
Intervention: 43.3 (9.9) 
Control: 41.9 (9.3) 
Type of MS (%): 
Intervention: Benign= 9.1% Primary 
progressive= 3.05% Relapsing-remitting= 
81.8% Secondary progressive= 0% 
Unknown= 6.05% 
Control: Benign= 4.7% Primary 
progressive= 0% Relapsing-remitting= 
84.4% Secondary progressive= 4.7% 
Unknown= 6.2% 
Disability Level (Mean, IQR): 
Intervention: EDSS= 3.3 (0.7) 
Control: EDSS= 3.3 (0.7) 
 
Primary Mode(s) of Delivery:   
Supervised group and unsupervised home-based exercise sessions.  
Intervention: 
Social cognitive theory based education plus an exercise intervention. The goal of 
the exercise programme was to reach the physical activity guidelines for people 
with MS. Exercises consisted mostly of strengthening type exercises using a 
resistance band to increase progression. The exercise programme also included an 
aerobic component (walking), wherein participants were provided with a pedometer 
and asked to log their steps. Education sessions took place after each group exercise 
session. A telephone coaching call in the weeks without classes also.  
Frequency: 
Group exercise sessions: intervention weeks, 1, 2, 3, 5, 8, 10.  
Telephone calls: intervention weeks 4, 6, 7 and 9 
Time: 
Group exercise session: 75- 90 minutes 
Duration:  
10 weeks 
Control 
group 
received the 
same 
exercise 
intervention 
but non-
exercise 
related 
education.  
Self-Report: 
Godin Leisure 
Time Exercise 
Questionnaire 
Health Index 
Score (GLTEQ 
HI) 
 
The 
International 
Physical 
Activity 
Questionnaire 
(IPAQ) 
 
Objective: 
Sense Wear 
Armband- 
energy 
expenditure and 
steps per day.  
 
Dlugnoski et 
al 2012 
Number: 
Intervention: 22 Control: 23 
Gender (% Female):  
Intervention: 81.8% 
Control: 91.3% 
Age (Mean, SD years): 
Intervention: 48.5 (10.1) 
Control: 44.8 (9.1) 
Primary Mode(s) of Delivery:   
Internet 
Intervention: 
Developed by Motl et al 2011. Content of the web intervention focused on 4 
principles of the Social cognitive theory (SCT):1) Self-efficacy, 2) Outcome 
Expectations, 3) Impediments, 4) Goal-Setting. Additionally, coaching sessions 
with a behaviour coach, the aim to increase website log-ins and reinforce website 
content. Participants were also encouraged to wear a pedometer and record daily 
Wait-list 
Control 
Self-Report: 
GLTEQ 
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Type of MS (%): 
Not reported 
Disability Level (Median, Range): 
Intervention: PDSS= 1.0(0-6) 
Control: PDSS= 1.0 (0-6) 
 
steps.  
Frequency: 
Website content was made available on a weekly basis for first month, biweekly for 
second month and once in the third month. There were 7 one-one coaching 
sessions, four in the first month, two in the second month and one in the last.  
Time: 
Not reported 
Duration:  
12 weeks  
Ennis et al 
2006 
Number: 
Intervention: 31 Control: 30 
Gender (% Female):  
Intervention: 81.8% 
Control: 91.3% 
Age (Mean, SD years): 
Intervention: 45(9) 
Control: 46(8) 
Type of MS (%): 
Intervention: Relapsing-Remitting= 50%, 
Primary Progressive= 16%, Other= 34% 
Control: Relapsing-Remitting= 40%, 
Primary Progressive= 20%, Other= 40% 
Disability Level (%): 
Intervention: EDSS 0-3= 22%, EDSS 3.5-
6.0= 69%, EDSS 6.5-7.0= 9%.  
Control: EDSS 0-3= 23%, EDSS 3.5-6.0= 
74%, EDSS 6.5-7.0= 3%.  
 
Primary Mode(s) of Delivery:   
Outpatient group sessions 
Intervention: 
Multi-disciplinary health promotion education programme. Split into five subjects: 
exercise and physical activity, lifestyle adjustment/fatigue management, stress 
management, nutritional awareness, responsible health practices.  
Frequency: 
Once weekly 
Time: 
3 hours 
Duration:  
8 week  
Wait-list 
Control 
Self-report: 
Health 
Promoting 
Lifestyle Profile 
II (HPLP II) 
McAuley et 
al 2015 
Number: 
Intervention: 24  Control: 24 
Gender (% Female):  
Intervention: 75 
Control: 75 
Age (Mean, SD years): 
Intervention: 59.62(1.43) 
Control: 59.78 (1.50) 
Type of MS (%): 
Intervention: Relapsing-Remitting= 66.7%, 
Primary Progressive= 4.2%, Other= 29.1 
Primary Mode(s) of Delivery:   
DVD 
Intervention: 
Home-based exercise programme using a DVD, ‘FlexToBa’. Participant’s provided 
with resistance bands, a yoga mat and a FlexToBa handbook. Exercises consisted 
of balance, strength and flexibility and exercises were progressed over the 
intervention. Participants received a call biweekly for the first two months, and a 
monthly call thereafter. These calls provided exercise ‘tips of the day’.  
Frequency: 
Three times weekly 
Time: 
Provided 
with a 
‘Healthy 
Ageing’, 85 
minute long, 
documentary 
on DVD. 
Also, 
received 
phone calls 
on the same 
Self-Report: 
GLTEQ 
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Control: Relapsing-Remitting= 66.7%, 
Primary Progressive= 0%, Other= 33.3% 
Disability Level (%): 
Intervention: Use of assistive device=25% 
Control: Use of assistive device= 50% 
 
Not specified 
Duration:  
6 months 
schedule as 
the 
intervention 
group but 
given a 
‘health tip of 
the day’.  
Motl et al 
2011 
Number: 
Intervention: 23  Control: 25 
Gender (% Female):  
Intervention: 91.3% 
Control: 88% 
Age (Mean, SD years): 
Intervention: 46.1 (10.4) 
Control: 45.6 (9.2) 
Type of MS (%): 
Not reported 
Disability Level (Mean, SD): 
Intervention: PDSS= 2.0 (1.8) 
Control: 2.1 (1.9) 
 
Primary Mode(s) of Delivery:   
Internet 
Intervention: 
Content of the web intervention focused on 4 principles of the Social cognitive 
theory (SCT):1) Self-efficacy, 2) Outcome Expectations, 3) Impediments, 4) Goal-
Setting. Additionally, chat sessions were conducted twice per week, including an 
ongoing participant forum for discussion of physical activity behaviour change. 
This was supported by automated email announcements about new content on the 
web. Participants were also encouraged to wear a pedometer and record daily steps.  
Frequency: 
Website content was made available on a weekly basis for first month, biweekly for 
second month and once in the third month.  
Time: 
Not reported 
Duration:  
12 weeks 
Wait-list 
Control 
Self-Report: 
GLTEQ 
Pilutti et al 
2014 
Number: 
Intervention: 41  Control: 41 
Gender (% Female):  
Intervention: 73% 
Control: 78% 
Age (Mean, SD years): 
Intervention: 48.4 (9.1) 
Control: 49.5 (9.2) 
Type of MS (%): 
Intervention: Relapsing Remitting= 75.6% 
Secondary Progressive= 19.5% Primary 
Progressive= 4.9% 
Control: Relapsing Remitting= 82.9% 
Secondary Progressive= 4.9% Primary 
Progressive= 12.2%.  
Disability Level (Median, IQR): 
Primary Mode(s) of Delivery:   
Internet 
Intervention: 
Content of the web intervention as in Motl et al 2011. Additionally, there were 15 
web-based video coaching sessions, with seven occurring in the first 2 months, six 
in the second 2 months, and only 2 in the final 2 months. Participants were also 
encouraged to wear a pedometer and record daily steps for 6 month period.  
Frequency: 
Website content was made available 7 times during the first 2 months, four times 
during the second 2 months and twice during the final 2 months.  
Time: 
Not reported 
Duration:  
6 months.  
Wait-list 
Control 
Self-Report: 
GLTEQ 
 
Objective: 
Accelerometer- 
minutes of 
moderate-
vigorous 
physical activity 
(MVPA) 
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Intervention: PDSS= 2.0 (4.0) 
Control: 3.0 (3.0) 
Plow et al 
2014 
Number: 
Intervention: 14 Control: 16 
Gender (% Female):  
Intervention: 100% 
Control: 100% 
Age (Mean, SD years): 
Intervention: 47 (9.0) 
Control: 48 (10.0) 
Type of MS (%): 
Intervention: Relapsing Remitting= 100%  
Control: Relapsing Remitting= 100%  
Disability Level (Mean, SD): 
Intervention: PDSS= Not reported 
Control: Not reported 
Primary Mode(s) of Delivery:   
Home-based exercise and pamphlets  
Intervention: 
Based on the TransTheorestical model and Social Cognitive Theory (SCT). The 
intervention consisted of 1) prescribing a home exercise programme, 2) mailing 
customised pamphlets about physical activity and 3) symptom self-management.  
Frequency: 
Exercise programme conducted 3-5 days per week.  
Time: 
Exercise programme conducted for 30-45 minutes. 
Duration:  
12 weeks.  
Delayed 
Treatment 
Group  
Self-Report: 
GLTEQ 
 
The Physical 
Activity and 
Disability 
Survey-revised 
(PADS).  
Rice et al 
2015 
Number: 
Intervention: 9 Control: 5 
Gender (% Female):  
Intervention: 66.6% 
Control: 80% 
Age (Mean, SD years): 
Intervention: 53.3 (11.1) 
Control: 54 (0.4) 
Type of MS (%): 
Intervention: Relapsing Remitting=44.5%, 
Secondary Progressive=33.3% Primary 
Progressive= 22.2%.  
Control: Relapsing Remitting= 40%, 
Secondary Progressive=40%, Primary 
Progressive= 20%.  
Disability Level (Mean, SD): 
Not reported.   
Primary Mode(s) of Delivery:   
Home-based exercise 
Intervention: 
Participants received a custom fit, ultra-lightweight manual wheelchair with 
propulsion/skills training to promote physical activity. Given weekly phone calls to 
deliver support through a multifactorial intervention, based on Social Cognitive 
Theory.  
Frequency: 
Continuous 
Time: 
Not applicable 
Duration:  
12 weeks 
 
Wait-list 
Control 
Objective: 
Accelerometer- 
wrist worn and 
provided 
activity counts 
per day.  
Sandroff et al 
2014 
Number: 
Intervention: 37 Control: 39 
Gender (% Female):  
Intervention: 100% 
Control: 100% 
Age (Mean, SD): 
Primary Mode(s) of Delivery:   
Internet 
Intervention: 
Content of the web intervention as in Pilutti et al 2014.  
Frequency: 
Website content was made available 7 times during the first 2 months, four times 
Wait-list 
control 
Self-Report: 
IPAQ  
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Intervention: 48.8 (9.0) 
Control: 50.4 (8.5) 
Type of MS (%): 
Intervention: Relapsing Remitting= 82.1% 
Control: Relapsing Remitting=  75.7% 
Disability Level (Range): 
Intervention: PDSS= 0-6 
Control: 0-6 
during the second 2 months and twice during the final 2 months.  
Time: 
Not reported 
Duration:  
12 weeks 
 
Stuifbergen 
et al 2003 
Number: 
Intervention:76  Control: 66 
Gender (% Female):  
Intervention: 100% 
Control: 100% 
Age (Mean, SD years): 
Total: 45.79 (10.09)  
Type of MS (%): 
Total: Relapsing Remitting= 55% 
Disability Level (Mean, SD): 
Not reported.  
Primary Mode(s) of Delivery:   
Group sessions and telephone follow-up 
Intervention: 
Designed to engage the participants in assessing their present health behaviours, 
setting meaningful goals for change and addressing the barriers, resources and 
skills necessary to change those behaviours. Two phases; 1) an educational and 
skill building lifestyle change programme and 2) supportive telephone follow-ups.  
Frequency: 
Group sessions were conducted once a week. Phone-calls were conducted bi-
monthly.  
Time:  
Group sessions were 90 minutes.  
Duration:  
Group session lasted for 8 weeks and the phone-calls were conducted after the 8 
weeks for 3 months.  
 
Wait-list 
control 
Self-Report: 
HPLP II 
Suh et al 
2015 
Number: 
Intervention: 34  Control: 34 
Gender (% Female):  
Intervention: 88.2% 
Control: 76.5% 
Age (Mean, SD years): 
Intervention: 50.1 (8.1) 
Control: 48.0 (9.4) 
Type of MS (%): 
Intervention: Relapsing Remitting= 100%  
Control: Relapsing Remitting= 100%  
Disability Level (Mean, SD): 
Intervention: PDSS= 2.0 (1.8) 
Control: PDSS= 2.2 (1.8) 
Primary Mode(s) of Delivery:   
Newsletters and Phone-calls.  
Intervention: 
Participants received Social Cognitive Theory (SCT) based newsletters once a 
week. Also received phone-calls to discuss the content of the newsletters and were 
given a pedometer to track step count.  
Frequency: 
Newsletters- once a week, phone-calls- twice a week.  
Time: 
Phone-calls were 15 minutes 
Duration:  
6 weeks 
 
Control 
group 
received 
newsletters 
providing 
information 
not related to 
physical 
activity.  
Self-Report: 
GLTEQ 
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Table 2: Summary of Studies  Abbreviations- RCT- Randomised Control Trial, EDSS- Expanded Disability Scale Score, PDSS- Patient 
Determined Disease Steps.   
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 Sequence 
Generation 
Allocation 
Concealment 
Blinding of 
participants and 
personnel 
Blinding of 
outcome 
assessment 
Incomplete 
outcome data 
Selective 
outcome 
reporting 
Other 
Sources of 
Bias 
Dlugonski et al 
2011 
High High High High Low Low Unclear 
Motl et al 2011 Unclear High High High Low Low Low 
Plow et al 2014 Low Low High High Low Low Low 
Carter et al 2014 Low Low High Low Low Low Low 
Carter et al 2013 Low Low High Low Low Low Low 
Bombardier et 
al 2013 
Low Low High Low Low Low Low 
Ennis et al 2006 Low Low High High Low Low Low 
McAuley et al 
2015 
Low High High Low Low Low Low 
Coote et al 2016 Low Low High Low Low Low Low 
Rice et al 2015 Low High High High Low Low Low 
Suh et al 2015 Low Low High High Low Low Low 
Stiufbergen et al 
2003 
Low Unclear High High Low Unclear Low 
Pilutti et al 2013 Low Unclear High High Low Low Low 
Sandroff et al 
2014 
Low Unclear High High Low Low Low 
 Table 3: Cochrane Risk of Bias Tool 
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Item 
Number 
Item Coverage of Items for each Study:                                
Yes(Y)/ No (N)/Don’t Know (?) 
  a b c d e f g h i j k l m n 
1 Theory/Model of behaviour mentioned Y Y Y Y Y N N N Y Y Y Y Y Y 
2 Targeted Construct mentioned as predictor of behaviour Y Y Y Y Y N Y N Y N Y Y Y Y 
3 Intervention based on single theory Y Y N Y Y N N N Y Y Y N Y Y 
4 Theory/predictors used to select recipients for the intervention N N N N N N N N N N Y N N N 
5 Theory/predictors used to select /develop intervention techniques Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
6 Theory/predictors used to tailor intervention techniques to 
recipients 
 Y Y N N N N N Y N Y N Y Y 
7 All intervention techniques are explicitly linked to at least one 
theory-relevant construct/predictor 
Y Y Y N N N N N Y N Y N Y Y 
8 At least one, but not all, of the intervention techniques are 
explicitly linked to at least one theory relevant construct/predictor. 
N N N Y Y Y Y Y N Y N Y N N 
9 Group of techniques are linked to a group of constructs /predictors Y Y Y Y Y N N N Y N Y N Y Y 
10 All theory-relevant constructs/predictors are explicitly linked to at 
least one intervention technique 
N N N N N N N N N N N N N N 
11 At least one, but not all, of the theory relevant constructs/predictors 
are explicitly linked to at least one intervention technique 
Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
12 a Theory relevant constructs/predictors are measured:  
a)At least one construct of theory mentioned in relation to the 
intervention is measured post-intervention 
N Y N N N Y Y N Y N Y Y N N 
12 b b)At least one construct of theory mentioned in the intervention is 
measured pre and post intervention 
N Y N N N Y Y N Y N Y Y N N 
13 a Quality of Measure 
a) All of the measures of theory relevant constructs had some 
N N N N N N N N N N N N N N 
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evidence for their reliability 
13 b b) At least one but not all of the measures of theory relevant 
constructs had some evidence for their reliability 
N Y N N N N Y N Y N Y Y N N 
13 c c) All of the measures of theory relevant constructs have been 
previously validated 
N Y N N N N N N Y N Y N N N 
13 d d) At least one but not all of the measures of theory relevant 
constructs have been previously validated 
N N N N N Y Y N N N N Y N N 
13 e e) The behaviour measure had some evidence for its reliability N N N N N Y Y Y N Y Y Y N N 
13 f f) The behaviour measure has been previously validated Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
14 a Randomisation of participants to condition 
a) Do the authors claim randomisation 
Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
14 b b) Is the method of random allocation described 
 Y Y Y Y Y Y Y Y N Y Y N N 
14 c c) Was the success of randomisation tested Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
14 d d) Was the randomisation successful Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
15 Changes in measured theory-relevant constructs/predictors N Y N N N Y Y N Y N Y Y N N 
16 a Mediational analysis of constructs/predictors 
a) Mediator predicts DV? 
N Y N N N N N N N N Y N N N 
16 b b) Mediator predicts DV (when controlling for IV) N Y N N N N N N N N Y N N N 
16 c c) Intervention does not predict DV (when controlling for 
mediator)? 
N N N N N N N N N N N N N N 
16 d d) Mediated effect statistically significant? N Y N N N N N N N N Y N N N 
17 Results discussed in relation to theory N Y N N N N N N N N Y N N N 
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18 Appropriate support for theory Y Y Y Y Y Y Y Y Y Y Y Y Y N 
19 Results used to refine theory N N N N N N N N N N N N N N 
 Total Items Covered (‘Yes’ scores) 12 23 12 11 12 13 16 10 19 11 25 17 13 12 
Y 
Table 4: Theory Coding Scheme of physical activity interventions for people with Multiple Sclerosis. 
Abbreviations: a= Dlugonski et al 2011  b= Motl et al 2011, c= Plow et al 2014, d= Carter et al 2014, e= Carter et al 2013, f= Bombardier et al 2013,        
g= Ennis et al 2006, h=McAuley et al 2015, i= Coote et al 2016, j=Rice et al 2015, k=Suh et al 2015, l= Stiufbergen et al 2003, m= Pilutti et al 2014,                 
n= Sandroff et al 2014. 
*Possible Total Score of 31(inclusion of sub-items) 
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Behaviour Change Technique (BCT) Motl  
et al 2011, 
Dlugonski 
et al  
2012 
Plow  
et al  
2014 
Carter  
et al  
2014 
Carter 
et al 
2013 
Bombardier 
et al  
2013 
Ennis  
et al 
2006 
McAuley  
et al 
2015 
Coote  
et al  
2016 
Rice 
et al  
2015 
Suh  
et al 
2015 
Stiufbergen 
et al  
2003 
Pilutti  
et al  
2014,  
Sandroff et al 
2014.  
 Provide information on 
consequences of behaviour in 
general 
Y Y Y Y  Y Y Y    Y 
Provide information on 
consequences of behaviour to the 
individual 
      Y Y  Y   
Goal Setting (behaviour) Y Y Y Y Y  Y Y Y Y Y Y 
Goal Setting (outcome) Y Y Y Y   Y Y  Y  Y 
Action Planning     Y    Y    
Barrier identification/problem solving Y Y   Y  Y Y Y Y Y Y 
Prompt review of behavioural goals     Y        
Prompt self-monitoring of    
behaviour 
Y Y Y Y   Y Y Y Y  Y 
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Prompt self-monitoring of 
behavioural outcome 
       Y  Y   
Provide feedback on performance     Y  Y Y     
Provide information on where and 
when to perform the behaviour 
        Y    
Provide instruction on how to 
perform the behaviour 
      Y      
Model/Demonstrate the Behaviour       Y Y     
Agree behavioural contract     Y        
Prompt practise       Y      
Use of follow-up prompts Y    Y  Y Y Y Y  Y 
Facilitate social comparison Y      Y Y    Y 
Plan social support/social change   Y Y   Y Y  Y   
Stress management/emotional 
control training 
 
 
   Y     Y  
Motivational Interviewing     Y        
 Total number of BCTs Used (Out of 
40) 
     7 
 
5 
 
5 5 8 
 
2 13 12 6 8 3 7 
Table 5:  CALO-RE Taxonomy Behaviour Change Techniques (BCTs) applied in physical activity interventions for people with Multiple Sclerosis 
(MS) 
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Records identified through 
database searching 
(n =7342) 
 
EBSCO (n=2056), Web of Science 
(n=2422), EMBASE (n=2468), PubMed 
(n=396)  
Records after duplicates removed 
(n = 5107) 
Records screened 
(n = 5107) 
Records excluded 
(n = 5067) 
 
Full-text articles assessed 
for eligibility  
(n = 40) 
 
 
Full-text articles 
excluded, with reasons 
(n = 26) 
 
Studies included in 
quantitative synthesis 
(n=14) 
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Figure 1: PRISMA Flowchart  
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Figure 2: Post-Trial Physical Activity (Self-Report) with Non-Active Control Groups. 
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Figure 3: Post-Trial Physical Activity (Self-Report) with Active Control Groups. 
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Figure 4: Six Month Follow-Up Physical Activity (Self-Report) with Non-Active Control 
Groups.  
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Figure 5: Post-Trial Physical Activity (Objective) with Non-Active Control Groups. 
 
 
